shows in abbreviated form the prevalence of undernutrition found in nine studiesl-9. Prevalence varies from hospital to hospital and according to the criteria used for its definition. However, it is clear from all these studies that between 20% and 50% of hospital patients are undernourished. The most recent7 is particularly valuable because it uses the Quetelet index [weight (kg)/height2 (m) ], which can readily be compared with large normal population databases such as those of Breeze et al. 10 . While close to 40% of the patients studied had a QI under 20, less than 5% of the adult general population would be found to have this weight for height.
McWhirter and Pennington7 drew attention to the tendency for such undernutrition to worsen in hospital and this was well illustrated by Weinsier et al. 8 , who reported that the nutrition of around 60% of patients deteriorated over a 2 week spell in hospital whether in terms of weight, vitamin status, or a combination 'likelihood of malnutrition' score. Despite these high prevalences clinicians and nurses fail to recognize most cases of undernutrition under their care and will probably continue to do so until routine screening measurements are introduced. The British Society of Parenteral and Enteral Nutrition recommends routine measurement of height and weight. If patients are asked for their usual weight, the Quetelet index and per cent weight loss are readily calculated. We need to change the culture within medicine that looks at weight loss more as an index of disease severity than as a potentially reversible condition in its own right. 
PENALTIES
Food, mood, cognitive function Anyone who has gone without food for a day or two will know the discomfort. The relationships between food and mood have been well reviewed by Rogers1; and the apathy attaching to undernutrition was well described in the classic Minnesota experiment12. Cognitive function abnormalities are also related to vitamin deficiencies1 3 but we do not know to what extent and how fast such abnormalities respond to replacement therapy.
Muscle wasting, muscle physiology and mobility
As undernutrition progresses, despite adaptive limiting mechanisms such as ketone body formation, muscles provide substrate in the form of alanine and lactate for gluconeogenesis, and glutamine for intestinal and lymphoid tissue. This drain on the muscles results in type II fibre atrophy, an appropriate teleological adaptation to the body's switch to a predominantly fat-burning metabolism. Enzyme changes within the muscle, such as reduction in phosphofructokinase activity, also act to protect the blood glucose from the drain put on it by the muscles. This would be expected to predominantly affect the physiological functions linked to type II fibres, particularly the sudden strong movements of 'fight and ffight' in favour of the day-to-day postural and rhythmic functions of the typically aerobic fat burning type I fibres. How might this affect patients?
In a series of experiments conducted during the 1980s Jeejeebhoy and his colleagues'4 demonstrated, using ulnar nerve stimulation of adductor pollicis longus, changes in muscle physiology that arose in undernutrition or hypocaloric dieting and could be reversed with nutrition support, over periods of weeks rather than months and relatively independently of changes in lean body mass. Measurements included muscle fatiguability, relaxation rates and ratios of force produced in response to varying frequencies of nerve stimulation. Chan and colleagues'5 showed similar changes over hours in response to a glucosepotassium loading regimen. The Minnesota experiment12 demonstrated the dramatic effect of undernutrition on physical performance over 24 weeks of semistarvation; but, like the fat free mass, this work capacity returned only slowly, over months of nutritional rehabilitation. Oxygen consumption for a given low workload does not change with undernutrition or its treatment; rather the load achievable changes with restoration of lean body mass16,'7. We still do not know whether the variables measured with ulnar nerve stimulation, which perhaps relate particularly to anaerobic muscular function, or those measured by ergometric studies are most important to the hospital patient but it is clear that improving mobility is of practical importance for many patients.
The randomized controlled study of Bastow et al.2 is important in this respect. In this, patients with fractured neck of femur with varying degrees of undernutrition were randomized to receive or not receive a nocturnal nutritional supplement of 1000kcal and 28g protein by nasogastric feeding. The time from operation to independent mobility was two days less for the moderately underweight patients and seven days less for those described as very thin-both results being statistically significant. Thus nutritional treatment has the power to improve mobility within the time scales of at least the longer hospital stays of 10 days or more.
Cardiac and respiratory muscles The heart is not spared the effects of muscle wasting associated with undernutrition18, with reductions in cardiac mass, cardiac output and pulse rate known to occur in response to weight loss, though cardiac index (cardiac output/body surface area) remains constant. Likewise respiratory muscles waste'9, as has been well shown by the studies of diaphragmatic surface area and thickness conducted by Arora and Rochester20. Improvement in nutrition in cystic fibrosis has been associated with greatly improved life expectancy among these patients though it remains unclear to what extent this is a direct effect of improved nutrition on respiratory function. Peak expiratory flow rates improve during the refeeding of patients without respiratory disease, for example those with anorexia nervosa16. Three of five21-25 small randomized trials of nutritional supplementation in chronic obstructive pulmonary disease have demonstrated improvements of respiratory function among such patients.
The intestines
The intestines respond to food intake by changes in motility and secretion to enable digestion, mixing and absorption; their function is thus intimately related to food intake. Food has a trophic effect on the intestine which is well known in the context of compensatory hyperplasia in response to intestinal resection26 and may be mediated especially by dietary fat. Food lectins-proteins that bind carbohydrates-may be important in this respect too. Dietary polyamines such as spermine, spermidine, putrescine and cadaverine are natural growth factors which may be stored ready for use by rapidly dividing intestinal cells. The intestinal barrier and its complex relationships with food intake on the one hand and undernutrition on the other is an area of great interest not only in the context of the diarrhoeal illnesses associated with undernutrition in the third world but also in the context of the modern intensive care unit where translocation of bacteria and endotoxin from the intestinal lumen, thought to be related to multiple organ failure, may be increased and more widespread if the intestine is atrophied through undernutrition or lack of food intake27 28. Intestinal permeability, particularly to transcellular probes such as mannitol, is increased in the absence of food intake or in association with undernutrition29. Villous atrophy occurs despite parenteral feeding, perhaps because luminal stimulation is required or because parenteral feeds have lacked glutamine, an important gut fuel30'31.
Here then is an area where nutritional treatment, by provision of glutamine or of luminal nutrients, may be expected to have an effect, especially in the critically ill.
Immunity
The effects on circulating lymphocyte numbers and on delayed hypersensitivity have been well elucidated32'33. They may result both from protein calorie undernutrition and from vitamin deficiency and are reversible by nutritional treatment.
IMPACT OF HOSPITAL UNDERNUTRITION

Length of hospital stay
The extent to which hospital finances are advantaged by reduced average hospital stays is debatable. The costs of patient management tend to be higher in the early stage of an admission, but are also increased in the context of complications that lengthen stay. Increased turnover should increase the revenue-earning potential of a clinical unit34. An expenditure model planning computer program (McGinley P, personal communication) has been developed at the Royal Hospitals Trust which models 14 cost centres for 35 clinical groups. The model predicts a saving efficiency of about £6m
per annum for the Trust if length of stay could be reduced among inpatients (excluding day-cases) by an average of one day. Is such a reduction in length of stay feasible in the context of nutrition support? Several studies have demonstrated the relationship between length of hospital stay, morbidity and nutritional status in the context of general medical8, surgicall'35-37,38 orthopaedic39 and care-of-the-elderly services4O'41. For the well-nourished the advantage ranged from about three to ten days. Such correlations are likely to be confounded at least in part by any tendency for the sickest patients to be those who have lost most weight. However, with the current medical view of undernutrition as more an index of disease activity than a reversible complication of disease, this confounding effect may be overemphasized. Randomized controlled trials are the best way to resolve the matter.
In the context of fractured neck of femur, Bastow et al.42
showed that nutritional supplementation of undernourished patients shortened the time to independent mobility; and Delmi et al. 43 , using simple oral supplements, reported reductions in stay of 16 days. It is an interesting reflection on our profession that these two studies have not resulted in the widespread adoption of supplementary feeding as standard treatment among such patients. In a randomized study of dietary supplementation4 among 321 elderly patients, hospital mortality was halved. In the context of surgery, two randomized studies have demonstrated reductions in length of hospital stay in response to postoperative nutritional treatment in intestinal45 and urological46 surgery. In another randomized controlled trial47 nutritionally depleted patients admitted for gastrointestinal surgery and treated for a full 11 days with enteral or parenteral feeding had total stays no longer than patients treated without such a long preoperative nutritional treatment period, and with fewer major complications. Major complications of surgery have repeatedly been shown to be reduced by nutritional support, and a meta-analysis48 of parenteral feeding in the context of 28 prospective, randomized cancer clinical trials showed a decrease in the odds ratio for both major surgical complications and mortality among the surgical studies. The results of the multicentre study49 conducted by the Veterans Affairs Group could be regarded as disappointing, but this trial excluded patients in whom randomization to the group without parenteral feeding was regarded as unethical. It relied considerably on an index of nutrition that depends strongly on plasma albumin-a variable that correlates well with outcome but may reflect disease severity more than nutritional status. Nevertheless, among the patients in the 'severely' undernourished group (which would have included a patient with a serum albumin of 30g/L and a weight loss of 5%) those fed parenterally had a clear reduction of major non-infective complications.
Quality of life
A study50 among patients attending the outpatient nutrition clinic at the Royal London Hospital has compared a group of patients for whom weight gain was a clinical goal and another similar except that the aim was for weight maintenance. The group in which weight gain was sought (and achieved) has shown highly statistically significant improvements in all the indices of the Nottingham health profile. CONCLUSION Undernutrition is common in hospital patients. It is readily missed unless simple measurements are routinely made. It adversely affects mood, higher cognitive functions, mobility, respiration, cardiac function, gastrointestinal barrier function, immunity and quality of life. It lengthens hospital stay of patients in medical, surgical, care-of-the-elderly and orthopaedic settings. Appropriate nutritional strategies within hospitals could result in the saving of many millions of pounds.
